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DESIGN AND CONSTRUCTION STATUS OF THE ENERGY SYSTEM
FOR THE ZTH EXPERIMENT t

H.J. Boenig, R.F. Gribble, J.G. Melton, C.F. Hammer, SW. Huddleston,

H.E. Konkal, W.A. Reass, J.D. Rogers, B.J, Rmsev, JB, SchNlg

Los Alamos National Laboratory, Los Alamos, NM 87545

Abstract

A large scale reversed4ield pinch fusion experiment, called
ZTH, is being designed and built at Los Alamos. Inmally, the
machine WIII be operating al a 17 MA plasma current, howev~”,
me machine can be upg~aded to a 4 MA current wllh many of
the components, such as t!d+torus, coil system and elecmcal
power source already hawrrg the 4 MA capabdity. The first plasma
discharges are expected 10 take place in the aprmrg of 1993,
Major elecmcal power equlpmen! romponenls, such as a 1430
MVA generator, controlled power suppli~s, Isolatlon and opening
switches, currenl Interrupter, capacitor banks and transfer resistor
are being dt?S@rrf)d and procured for this experiment. The dewgn
philosophy ot the electrical system is explained. Test results of in-

hcuse research are descritwd and the procurement status of the
major components are sum,marmcf,

f. Introduction

Los Alamos Nalional Laboralrry (LAt’iL) is buildlng the
Confinement Physics Research Facdily (CPRF) for the OffIca of
Fusion Energy of the US Department of Energy. The Iirsl experiment
in the CPRF wdi be a reversed field pinch dewce, called ZTH, whose
plasma current in mltial opera!ion WIII be iimlled by the ralmg of the

power supplies to 1 7 MA. Many components of CPRF such as the
torus, the COIISand the pow6r sourca are designed to support higher
plasma currents, A plasma curronl of 4 MA can be achieved w!th

the addition of power supplle%

The electrical erreroy system fcr CPRFTZTti conslsls of a
pulsed generalor, an ac distrlbutloil system, controlled power
supplles for the toroldal field, ohmic healing and equilibrium field
COIIS,Isolatlon and oporrlng swltchos, a capacllor bank, a transfer
reswlo~ and other eleckal aqulpmenl.

In a prevmus paper fha preliminary design of the energy syslem
for the ZTll expelment was described [ 1], In this paper progress
In the design, changes Ir, the desqn philosophy, and procurement

status of dlffuronl components am’ ;yslcms are summarized.

2. Pulsed Gonorator

1.ANL hasacqulmu a 1430 MVA surpl~s synchronous gonwator
and transported the cmmpotlenls, Inciudlng a 451 I stator and J
234 I rolw tu 1os Alamoe [2], Ti{o machlno IS being mst;lllmf
and IS Scheduled 10 be Oornmmslonad by early summer 199o [3],
The 24 hv Ooneratm will Operale at a maximum spowf 01 1800
rpm. Aboul 600 MJ car be extracted In Iho I :100 10 1260 rpm
speed ranqe, An 8000 @ (6 Mw load commutalsct Invor!er will

acxolemto Ihe machine trom standstill and befvwmn pulses, A so~ld
slal’r oxcMrtlon system, @r!nected to LANL’s 134 4\’ utlllly svstom,
hiq~ annuqh rjvewoltagn ca~ttblliiy that the gkrwalnr ouIpuI vQIIagQ

can M kept naarly Cwwlanl during Iho load pulso Thtr Unnnr;itor

IS bomg Inslalkfd with prowworl lot a 2fYX) MJ Ilywhed (1400 MJ
uxtrisctable nnwgy) m lho futuro Tho Ilywhool IS not nacowwy for
a 4 MA ZTH oxmrrmwru

3. AC Dlstributkm System

Different oplions for the interface between ‘he generator and
the power conversion equipment have been investigated. A cost
effective way to tie the generator to Ihe pcwer supplies WIII be by
means of a curram limiting fuse (CLF). UNL has contacted current
Iimlting fuse manufacturers and iderwfied several companies wilh
sufficient expertise to build a fuse for our application The fuse
WIII mp currents in excbss of 40 kA. The peak let-through currerl
is expected 10 be 130kA, which is about one quarter of the peak

short ctrcuit current. An advantage of the CLF over a conventional
circuit breaker is that the ac bus can be designed electrically and
mechamcally for a lower current, and an open aluminum b~s system

or a cable connection between the generator terminals and the
power supply building can be used. Line reactors for limiting the
short circuit currenl w? be eliminated, thus providing a stiffer power
source,

An SF6 breaker with 40 kA interrupting capability WIIIbe placed
in series with the CLF 10 interrupt Overcurrents up to 40 kA. The

output of the SF6 breaker is connected to the variable frequency
bus Major power supplies are confected to the variable frequency
bus by vacuum ckcuil breakers. Only the SFti breaker wIli be closed
before and opened after rsaGI plasma discharge. The epecilicalion
for Ihe CLF is being writien and bid responses are expected to be
evaluated by the end of 1989.

4. Pololdal Flold Energy System
Ovorvlow

4.1 OVOrVIOW. Operation of the ZTH al 1.7 MA can be

achieved with the circuit shcwn In Fig. 1. Initial operation at 1.7
MA and a rfsetlme 01 200 ms will allow us to radu~ tho l-umber
of dc current Interrupting switches from four to one. Three mam
ohmic healing power supplies (PS1, PS2, PS3) WIIIprovide the coIl
charging current. The voltage and current rallng of ●ach 12.pulse
supply Is 12.5 kA and 3 kV full load voltage. Slx 12.pulsa equillbrturn
supplies wIII be Inslalled, ouch having a rating of 2.5 iul and 1.2
kv full loaC voltage, One 50 kV, 50 kA dc current Interruplrrr wIII
mltla’,: tf:c plasma All COIItorrrwmls and powor supply lcrrrwwils

WIIIbe conrracled to a patch panel, ailowmg dlfferonl (.Ircud opllons
and fufuro componont addition, such as Insertion of a second dc
current hrtorruplor to doubla the voltagn for plasma imtlaflon A
seleclwo relaymu nystom WIIIbe Installed, so that fault currents m lho
cwrverler are Inlorruptod by the vacuum breaker, nnd transforrnw
tuultn by Iho CLF or SFS breaker.

4.2 Convorhra, The spociflcallon for thrr 12 pulsa OhITNC
heallng (OH) supplles have bnen wwtlon. LANL WIII Inltdly buv
three 125 kA. 3 kV flhl load voltnga OH su;@ios, with an opIIon for

a fourth ona. The convertors WIIIopori!tn m parisllal during ctvlrolr~u

of th~ coIls and In swkm during MN I:JPopwnlmn ThiI O}i WIPPIIIM
will conwst of a 24 kV WXJUtn broakor, a dry type trwl!iformw nrld
ttw two 6 p[Jlsn 8wlafi corvwr(;fod XII brldgo$

For tho m;qumllon of the SIX 12 pulrio oculllbrl~lm nupphtn w(?

am prwwntly pursuwg two opilons (Inn opllon Is ltw purchfi!n of
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Fig. 1. ZTH pololdal flald circuit.
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surplus suppli~s and their rnodiflcat~on for our apciicallon, while tho
olliw option is the purchase of new supplies. Purely w,onomcal
reasons WIIIbe Ihfr dec4dlng lacur between the OptkXM.

4,3 Swltchos. A great number of Isolallon, disconnect, melal.
to metal and grounding switches are requmcl for propor operation

of lhe pololdal held mergy system. For the 25 kV, 12.5 kA, 3nd 25
kV, 50 kA Isolation swttches MNL wutlally Ihoughl that commercmlly

avmlable 138 kV vacuum Interrupters WOU16be usd We lfrsted
IWOvacwm breakers of rwo dlfferenl manufacturers for 1000 shols
al 50 hA, and an 1~t ralmg of 5 . io(’.,l’ .!. Both SWIICIWSp;jssod
ltw ttwls, howt?vw, Iho cost of tho swllches made us pursuo Itm
dmmlopmcmt d a mechanically slmplor awltch [4] This air driven
swllch, which was also sucmssfully tested for 1,500 shots al 50 kA
and Its mechanism for 65,000 sttots, will be used as an isolation
switch m both a 12,5 kA and a 54 kA veralon.

4,4 CUrrOfll IfItOrrUptOrS, The davolopment of a 50 kv,

50 kA dc currfJnt Interrupter starfod with two 13.6 kV, 1200 A
commorcmlly avahbkr vacuum mtofruplms In parallel Cvor 100
m’orruptlons at 50 hV/50 kA wore am.omplmhoct with good curfurd
sh~rmu m thn two pfirallol branches In the moantmo, a II O;IVIIV

duty JC vacuum Intor!upkrr has ~~on dovolopod (13 8 hV, 3150 A)
and was mwallfrd m LAN1.+snow trrcl Iadlly m IIIIU of Iho IWOptir;illol

~Jronhrrr!, This f)rrrakor was subprcl{Kj lo over 1,000 shots with Iho

/;l loadlnq to ho oxwrctoct for 21}4 (2.5 . I(lU A’s) prowdwf Item a

50 hA Mtlrrrv Mnk [5,131 A smlw, complomrntary diwolwwIt

program of a 5G I@, 35 kV breaker usmo the same vacuum
inlwrupter took place m Italy for the RFX Oxperlment at Padua.
Cwrmg the course of both Is!stmg schedules the comact design
of the vacuum mtorrupler was Improved, LANL also developed

Ihe approprlato digital instrumentation for the dc current Inlerruplor
to lmomlor tiach mlerruplkm This instrumentation Is helpful by
gwmg parameter trends, thus indlcalmg when vacuum bottlos cr
rnocharucal llnkagos must be repl?,cod,

45 Transfer Resistor. A s!amlm stee!, low mr-fuclatw~.
waler coolr?d, Imoar trunsler resistor was olderoc Tho resistor has
a 50 kV ( i 25 kV), 50 M, 130 MJ (180 MJ undm fault co,ldlllons)
rating. The transfer reswlor usos 24 identical reslntanco modukw

By cannectmg rnodulos In parallel and sfmo% ten dlftwonl roslslmwm
values, about evenly’ spac@d, can be obtalnod between O4 and 4

f), Colivwy of Ihe tlansfor roslslor IS schrrdlJled for February 1!320.

4.6 Equllibrlum Feedback Control System An

oqulhbriurn foodbilck control algorlthm has boon dmqnml for

controlling thn SIX Indopmdmt 12 pulwr oquhbrwtr! pnwor sumllI!l~

I IM oporiltlon” of tho rrntlru tyslom IIAS boorl wmul,lht{f by ;I proqr,llt]

which nN)drr15 WI pl;isnm shell, IIHW, COI15and ;mww IWPPIIII%

lho wrnulatlons show Ml oww wl(h J Iolal Iowlbwk [mliIy uf .100
nm:rosoconds, Ihf} %podfml rn~xmlurn flux surfmt clov!lillorl of 5

mrn rxn MI mot

I’hfr Wqorllhm rxlkxdiltm corruclmrl currmts for ofidl of ltw

frquhhrlurn fdd ([ I ) cwls from ,1 GoI of Input wun,lt: dIIIIViI\l k~ml
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Fig. 2. i!TH toroidalfietdcircuit

~gnetic probes located between the Ilner and the she!l, and from
current measurements in each EF and OH coil. The inpul signals
are ftftered and converted to axmynlmelrlc Fourter modes 1 mrough
4. The mode slqnals are then mulhplied by a corrector malnx 10

obtain the correction amplitudes. The corrector matrix is obtained
by hrst inverting the coeffbents relatlng flux al the plasma surface
10the EF coil cwrrents, ●nd then we~hllng the result 10mlmmlze me
povwrr requked to force a corracuon. Standard nonllnear PID signal
prcmsalng is U* to Improve response the and aauracy,

Tha equilibrium controller algorithm can be implemented in
either analogordigital chcultry While an analog crrcwt can be much
faster than a digital onh, a dlgllal system can ba more versatile,
rellable, ●nd less expensive. A Motorola model 188 RISC (Rectuced
lns~uction Se! Computer) has been purchased for evaluation, Its
reeponsa time of less than 70 mlcrnsecmds to complete the reqdked
mkulauons should be sufficient 10 meel the system performance

speclflcation,

5 Toroldal Flold Clrcult

The design of the tofoldal Ileld (TF) clrcult has been completed
The major rwcuit cwnponents m shown m Fig, 2. The dowgn
uws a small toroidal Iield capacitor bank that constrni!w ZTH to
OpcttatO In fast Mtversd I?IOdO,as prewously axplalnod m fW [ 1I

f310c3mg< ties have been added 10provlous designs 10dmconnocl
the TF capacitor bank fror the ckcuil at the Ilme of current rwwsal,
so that the TF flat-top power SUPPIIOScan better conlrol Ihe cd
Cufront ●l IOW CuWOnl IovQ18. A palCt\ pand IS lncludfJd In tt~
deeign ao that sevaral connection oombinatlons 01 TF COJScan bo
Immtigatad The proloctlon circuit lor the TF Ilat top pownr supplv

includes tgmtrons irI various combmnllons, so that tho propor polarity
M always availab{e 10pmwde protoctlon
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Components for the TF circuit are being assembled. The
coil snubber, damping resistors, shunt inductor and Ignitron trigger
chassis have been built. LAfJL will use an existing 13.75 MW steady
stale power SUpplY as Ihe 11$1tdp SUPFIY. Modiflcallona have tO
be made to this supply for usa in the TF circuit, which include the
variable kequenq triggarkrg logic (60 {O 42 Hz) and changing the

bus from a sarles bridge arrangement to a parallel arrangement.
The flat top supply will provide 20 kA at 1 kV output voltago The
24 kV pulsed transformer and the Interphase reaclor, needed for th?
parallel bridge operation, wIII be bought ‘-- ;-~ioly,

A bench-top model of the total TF drcuit was built 10test control

fwdback circuilry. The current and voltage waveshap!?s nl critic.al
paramnlers obtakwd from the bench top model matched prewously
oblalned dlgllal simulation resulls.

6. Summary

Ma/or components of the energy system for the ZTH exprmmont
have been designed and are being purchasgd A 1430 MVA

synchronous gfmeralor Is being inslalled and should be oporntional
by the summer of 1990, A 50 kV, 50 kA dc current Irvterruptw and u
50 kV, 50 kA Isolatlon swtlch has been developed and testfrd The
130 MJ transfer rer!lstor has been purchased. Componrmts for Ihe
toroldal tlold clrcul[ are bmg manufactured. A rr?ducod Instrucl!on
sol mlcroptocessor has boon wqulrod 10be usnd as tho oqudlbrmm
foodback cwnlroller
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